Elliptically polarised cnoidal waves in a medium with spatial dispersion of cubic nonlinearity 
Introduction
Self-consistent analytical solutions of nonintegrable nonlinear problems of wave physics [1] (breathers, solitons, cnoidal waves, and others) are interesting from the viewpoint of urgent problems of ultrafast data transmission [2] [3] [4] [5] [6] [7] [8] . These solutions are either partial [9, 10] or approximate, obtained, e.g., by perturbation theory methods [11, 12] or after linearization [13, 14] of nonlinear equations. However, the latter not always adequately describe nonlinear wave propagation. To find approximate analytical solutions of the aforementioned problems, the adiabatic approximation [15] [16] [17] [18] was used in [19] [20] [21] [22] [23] , which appeared very efficient to describe not only interactions of cnoidal waves (solutions with separable space-time variables [19] [20] [21] [22] ), but also the interaction of the cnoidal wave with the rational soliton [23] for which space-time variables are not separable. It was shown that the slow control signal (rational soliton) causes amplitude and frequency modulation of the rapidly varying information signal (cnoidal wave) localized in the region of the signal intensity variation. This paper is devoted to the study of the adiabatic interaction of the time-limited and periodically varying in space Kuznetsov-Ma (KM) soliton [24] with the fast cnoidal wave. Periodic in coordinate space-time amplitude and frequency modulation of the cnoidal wave, much more complex than in the case of the rational soliton [23] , should be expected.
Adiabatic interaction of electric field components
Nonlinear propagation of the plane elliptically polarized electromagnetic wave through an isotropic nonlinear gyrotropic medium is described by the nonintegrable system of nonlinear Schrödinger equations [13, 14, [19] [20] [21] [22] [23] for slowly varying orthogonal circularly polarized electric field strength vector components ( ):
where -is the propagation coordinate, t is the time in the travelling coordinate system, the parameter accounts for the second-order frequency dispersion; ( ) is the wavenumber; are defined by independent components of the local cubic nonlinearity tensor ̂( ) ( ), are defined in terms of pseudo-scalar constants of linear and nonlinear gyration. The adiabatic approximation [19] [20] [21] [22] [23] presupposes different time scales of amplitude variations in system (1). This makes it possible, e.g., to consider | ( )| in the equation for the fast field component ( ) ( ) ( ) to be almost unchanged, and in the approximation ( ) ⁄ ( ) (2) (small spatial modulation), to obtain from Eq. (1) the ordinary differential equation for [23] :
is the free problem parameter (separation constant). One of the solutions to (3) can be written in the form
containing the elliptic Jacobi function [25] with the free parameter . The slowly varying amplitude ( ) and argument ( ) are given by the formulas:
found neglecting the time derivatives of and frequency ( ) ( ) . The slow electric field component ( ) of the propagating wave is found similarly to [19] , substituting the timeaveraged value ( )
to the first equation of system (1), which as a result takes the form ( ̃ | | ) . (8) In Eq. (7), ( ) ( ) are complete elliptic integrals of the first and second kind [25] ; in Eq. (8),
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Equation (7) has the solution in the form of the KM soliton if
where , ( )-, and are the free parameters. Substitution of Eq. (10) into (5), (6) defines the function ( ) , ( ⁄ )⌊ ( )⌋ ( ) ⁄ -of the space-time modulation of the information signal (4). Formulas (4-10) specify a new set of approximate analytical solutions of the nonlinear system (1) with the free parameters , , and . They are limited only by the range of application of the adiabatic approximation.
Range of application of the adiabatic approximation
The applicability condition of the adiabatic approximation is reduced, first, to satisfying the assumption about the slow variation of the KM soliton in time in comparison with the cnoidal wave having the period ( ) ( ). The KM soliton width is estimated by the interval between the points at which ( ) vanishes. In this interval, a sufficient number of cnoidal wave periods should be settled. A consequence of this is the inequality
Second, the contribution of spatial modulation of the information signal to ⁄ should be small (see (2) ). Assuming that is close to unity, from (11) and (2), we find the following inequalities 
from which it follows that ̃ should be small. Both these requirements can be satisfied either by limiting the KM soliton pedestal level, or by lowering the medium nonlinearity. 
Conclusion
In this study, the adiabatic approximation was applied to the approximate analytical solution of the nonintegrable problem of the interaction of the KM soliton ("control" signal) with the cnoidal wave ("information" signal). The space-time amplitude and frequency modulation of the cnoidal wave by the KM soliton was obtained. The applicability conditions of the adiabatic approximation, limiting the KM soliton power and the nonlinearity value, were found. These conclusions are in qualitative agreement with the results of recent studies of the interactions of nonlinear waves of different types [4, 6, 26, 27] . 
